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Abstract 
Algae growth is bound up with autologous photosynthesis through illumination. By outdoor enclosure experiment, 
this paper analyzed Chlorophyll-a content, algae cell density, pH, DO and the changes of TN and TP concentration, 
discussed the influence on algae growth by different ways of shading light. The results showed that shading light 
could obviously restrain algae growth. The content of Chlorophyll-a, algae cell density, pH and DO in the shading 
light enclosure was obviously lower than it was in the enclosure without shading light, and the concentrations of TN 
and TP were visibly high. Algae could recover growing immediately after removing the shading materials, and the 
content of Chlorophyll-a, algae cell density, pH and DO rapidly rose, meanwhile the concentration of TN and TP 
reduced. 
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ĉ. Introduction 
In recent years, with increasing pollution, eutrophication of lakes and reservoir water source getting 
more serious in our country, and algal bloom phenomena are frequent, which directly imperil urban water 
supply security[1]. Under the appropriate environmental conditions with enough nutrition, algae in 
eutrophic water can proliferate rapidly and algal bloom phenomena explode. Illumination has an 
important role on photosynthesis of plant, likewise is a significant cause of exploding of algal bloom 
phenomena. So, discussing the influence on algae growth by shading light is of importance to control 
algal bloom phenomena[2,3].  This paper researched the influence on algae growth by shading light 
through analyzing Chlorophyll-a content, pH, DO and nutrient salts concentration in the outdoor 
enclosure, discussed the mechanism of algae control by shading light, and provided basis of the algal 
bloom control. 
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2. Materials And Means 
Experimental Materials. This experiment is performed in Panjiakou reservoir on the Luanhe river 
mainstream. Medium size pontoon-type enclosures are used to perform this experiment, which are 
comprised of main body frame, enclosure bags and pontoons. The main body frame, which can adjust 
depth of enclosure, is welded by channel steel, and the buttom is comprised of stainless steel cube. 
Enclosure bags are made by impervious polyethylene film, and protected by surrounding tarpaulin. Each 
enclosure, with sealed bottom and opened head and 3 m×3 m×2.5 m size, is allocated with 8 pontoons 
which are made by galvanized steel drums. 
Experimental Methods. Experiment carried out from July 26th to August 7th, 2009. Reservoir water 
was pumped into enclosures on July 26th and still shelved 2 days. Then the experiment started in 6 
enclosures. 
During the experiment, TN of Panjiakou reservoir water was 4.4~4.5 mg/L, TP was 0.03~0.05 mg/L. 
Take the actual situation of HNLP and the existing results into consideration, K2HPO4 was put in 
enclosures once on July 28th to adjust TP to 0.53 mg/L. TN/TP to 9:1, and TN concentration unchanged. 
This condition was in favour of algae growth. 
1# and 6# enclosures were without shading light. 2#, 3#, 4# and 5# enclosures were shading light ones. 
On the 6th day the shading materials of 2# and 5# enclosures were removed. 3# and 4# enclosures were 
shading light all the time. 
Sampling and Determining. Sampling was conducted every two days. Time of sampling and field tests 
was 9:30~10:00. Both field tests and sampling were conducted 0.5m below the water surface in central 
region of enclosures.  
Chlorophyll-a, DO, pH and nutrient salts concentration were on-the-spot determined by YSI6600 
multi-parameter water quality monitor. Illumination intensity was determined by luxmeter and 
underwater luxmeter. TN and TP of sampling were determined in lab[4]. 
3. Results and Analysis 
Influence on Illumination Underwater by Shading Light.  Shading materials used in this experiment 
could reduce light intensity effectively. It was shown in fig. 1 and 2 that how illumination and 
illumination intensity changed with water depth in enclosures before and after shading light. Through 
determining the illumination intensity level of 4 shading light enclosures, the results showed that when 
incident intensity was 120000~150000 lx, surface illumination intensity of shading light enclosures 
maintained in 5500~6500 lx, and shading rate mean was  95%. Vertical change of illumination 
underwater in enclosures without shading light along with water depth consisted with Beer-Lambert's 
Law that is with the increase of water depth, illumination intensity decreases exponentially. 
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Fig. 1 Illumination Changes in Enclosures before and after Shading Light   
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Fig. 2 Illumination Intensity Changing with Water Depth 
Influence on Changes of Chlorophyll-a Content and Cell Density by Shading Light. As shown in fig. 3 
and 4, during discussing the influence on Chlorophyll-a content and algae cell density by shading light, 
Chlorophyll-a content was 6.0 ug/L in original water of enclosuresˈand original algae cell density was 
7×105 cell/ml. 
Both Chlorophyll-a content and algae cell density of 1# and 6# enclosures without shading light 
showed an increasing trend with time, which consisted with the stages  theory of algae growth. In the first 
and second day of the experiment, Chlorophyll-a content and algae cell density were in a stable phase and 
changed little. From the third day Chlorophyll-a content and algae cell density increased rapidly into the 
logarithmic growth phase. Chlorophyll-a content increased highly to 38 ug / L, as well as algae cell 
density to 1×107 cell/ml. 
During the experiment both Chlorophyll-a content and algae cell density basically showed small 
fluctuation state with time. Chlorophyll-a changed between 5~12. Algae cell density changed between 
0.5~3.5×106. Growth rate of these two enclosures was obviously lower than the enclosures without 
shading light. 
While Chlorophyll-a content and algae cell density of 2# and 5# shading light enclosures showed 
stable-then-increasing trend. Before removing the shading materials Chlorophyll-a content and algae cell 
density showed stable state. When the materials were removed, they started growing rapidly and showed 
higher growth rate. Chlorophyll-a content and algae cell density of water of blank control area changed 
within a small range and showed a stable state. 
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The results of analysis above showed that shading light could obviously influence the changes of 
Chlorophyll-a content and algae cell density. Under shading light conditions algae growth were 
significantly inhibited and obviously lower than in enclosures without shading light. After removing the 
shading materials algae recovered growing immediately, Chlorophyll-a content and algae cell density 
increased rapidly and maximized in a short time. 
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Fig. 3 Chlorophyll-a Content Changing with Time                       Fig. 4 Algae Cell Density Changing with Time 
Influence on Changes of pH and DO by Shading Light. During discussing the influence on pH and DO 
by shading light, pH was 8.5 in initial water of enclosuresˈand DO was 9.8 ug/L. pH and DO’s changes 
with time were shown in fig. 5 and 6. 
As shown in the figures above, both pH and DO of 1# and 6# enclosures without shading light showed 
an increasing trend with time. pH increased from 8.5 initially to 9.6; DO increased from 9.8 ug / L 
initially to 21.6 ug / L. Both pH and DO of 3# and 4# shading light enclosures showed a decreasing trend 
with time. pH was from 8.5 initially down to 7.2; DO was from 9.8 ug / L initially down to 7.0 ug / L. 
While pH and DO of 2# and 5# shading light enclosures showed decreasing-to-increasing trend. 
Before removing the shading materials, pH and DO showed decreasing trend. When the shading materials 
were removed, they began to rise. pH increased highly to 9.3ˈDO increased highly to 20.3 ug / L. 
pH of reservoir water fluctuated around the mean of 8.6, and DO fluctuated around the mean of 12.9 
ug / L. Overall variation was stable. 
The result of analysis above showed that pH and DO had well correlation and the variation trend was 
consistent. Shading light could obviously influence the changes of pH and DO, and especially reduced the 
pH and DO of enclosures. After removing the shading materials, pH and DO would increase rapidly. 










᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹
'DWH
S+






(QFORVXUHRXWVLGH
 










᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹ ᳜᮹
'DWH
'2
˄
XJ
/
˅






(QFORVXUHRXWVLGH
  
Fig. 5 pH Changing withTime                                    Fig. 6 DO Changing with Time 
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Influence on Changes of TN and TP by Shading Light. As shown in fig. 7 and 8, during discussing the 
influence on TN and TP by shading light, TN was 4.45 mg/L in initial water of enclosures, and TP was 
0.53 mg/L. 
Both TN and TP of 1# and 6# enclosures without shading light showed a decreasing trend with time. 
With the gradual decline in the algae growth, TN increased from 4.45 initially to 3.8 mg/L and TP 
increased from 0.53 initially to 0.38 mg/L. Both TN and TP of 3# and 4# shading light enclosures showed 
small fluctuation state with time. TN and TP concentration changed little. 
Moreover TN and TP of 2# and 5# shading light enclosures showed stable-to-increasing trend. Before 
removing the shading materials, TN and TP concentration changed little. When the materials were 
removed, they declined rapidly. TN and TP concentration of water of blank control area changed within a 
small range and showed a stable state. 
The result of analysis above showed that TN and TP concentration were closely related to algae 
growth. Shading light could obviously influence the changes of TN and TP. Under shading light 
conditions algae growth was obviously inhibited. TN and TP concentration reduced a little and were 
obviously higher than ones in enclosures without shading light. After removing the shading materials, the 
algae could resume growing rapidly. TN and TP concentration declined rapidly and greatly in a short time. 
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Fig. 7 TN Changing with Time                                   Fig. 8 TP Changing with Time 
4. Conclusions 
1.Shading light materials can effectively reduce the incident light intensity. With water depth 
increasing, light intensity decreases exponentially. 
2.Shading light can significantly inhibit algae growth. Chlorophyll-a content and algal cell density of 
shading light enclosures are significantly lower than the enclosures without shading light. 
3.Shading light can not effectively reduce the TN and TP concentration of the water. On the contrary, 
because of shading light inhibits algae growth, concentrations of nitrogen and phosphorus in water maybe 
increase. 
4.After removing shading light materials, algae can resume growing rapidly. Chlorophyll-a content, 
algae cell density, pH and DO can grow rapidly. As the growth of algae, TN and TP concentration 
decrease rapidly. 
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